In the present study, we examined the effects of hot red pepper on rabbit's hepatic tissue. Rabbits were orally ingested 2 g/Kg hot red pepper every day for 10 days. Hot red pepper induced a significant increase in temperature of rabbits after oral ingestion of each dose. Hepatic tissue damage was recorded through examination of the stained paraffin embedded sections. Inflammatory cellular infiltration and hepatocytic vacuolation were marked in rabbits ingested with the hot red pepper. Histochemical studies reveal a decrease in both of carbohydrates and protein contents in the liver. Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), cholesterol, triglycerides and glucose were decreased in rabbit due to oral ingestion of hot red pepper. These scientific evidences show that hot red pepper possesses some chemical and pharmacological properties which are capable of inducing liver damage. Therefore, based on the findings of this study, the excessive consumption of red pepper is capable of inducing liver damage and so should be avoided.
INTRODUCTION
Red pepper (Capsicum annum) is widely used as a spice and exhibits a wide range of physiological and pharmacological properties (Srinivasan and Sambaiah, 1991; Srinivasan and Chandrasekhara, 1992; Choi and Suh, 2004; Srinivasan, 2005) . Red pepper is the mostly used spicy for food throughout the world, especially in Central America, Latin America, Africa and Asia (Nopaintaya and Nye, 1974; Chukwu, 2006) . Red pepper is known to be harmful if consumed in excess (Nwaopara et al., 2004; . Red pepper possesses some chemical and pharmacological properties similar to the classes of drugs that are capable of inducing tissue damage (Govindarajan and Sathyanarayana, 1991) .
In the past three decades, it has been experimentally documented that several common spices can also exert health beneficial physiological effects (Srinivasan, 2005 These physiological effects of spices in most instances have been attributed to the main spice active principles present in them. Among these physiological influences spices are documented to exhibit, their hypolipidemic and antioxidant properties have far-reaching health implication (Manjunatha and Srinivasan, 2008) .
For more than a century, capsaicin (8-methyl-N-vanilly-6-noneamide), the active ingredient of pepper has captured the attention of many investigators, because its biting and burning properties suggest it could have physiological and pharmacological effect (Govindarajan and Sathyanarayana, 1991) .
Capsaicinoids are mainly ingested as naturally occurring component of capsicums (chili, cayenne pepper, and red pepper). Their levels range from 0.1 to 2.5 mg/g (Parrish, 1996) . The consumption of capsicum spices was reported to be 2.5 to 20 g/person/day in India, Thiland and Mexico (Monsereenusorn, 1983; LopezCarrillo et al., 1994) . The maximum daily intake of capsaicin in USA and Europe from mild chili and paprika was roughly estimated to be 0.025 mg/Kg bw/day (Council of Europe, 2001 ).
Early studies demonstrated that peripheral administration of capsaicin produced a hypothermic effect, which failed to produce detectable changes in the metabolic rate. However, results from later investigations indicate that the ingestion of red pepper decreases appetite and subsequent protein and fat intake in Japanese females and energy intake in Caucasian males (Yoshioka et al., 1999) .
Limited research has been reported into the effect of hot red pepper on the histopathology and biochemistry of liver. So it makes interesting to study the effect of extensive consumption of hot red pepper on the histopathology and biochemistry of rabbit's liver.
MATERIALS AND METHODS

Experimental animals
Ten adult male New Zealand rabbits (2000 to 2250 g) from the animal house of the faculty of pharmacy, King Saud University, Saudi Arabia were used. Rabbits were bred under specified pathogen-free conditions and fed a standard diet and water ad libitum. Animals were divided into two groups. The first groups were considered as the control group (6 non-treated rabbits). They received only normal feed with carrot every day for 10 days. The second group was orally ingested 2 g/Kg of red pepper fruit with carrot every day for 10 days. Rectal temperature was measured by an electric thermometer one min before and after eating of the hot red pepper. The experiments were approved by State authorities and followed Saudi Arabian rules for animal protection.
Histological and histochemical preparations
Animals from control and treated groups were slaughtered; dissected and small pieces of the liver were quickly removed, then fixed in Carnoy's fixative fluid. Following fixation, specimens were dehydrated, embedded, and then sectioned to five microns thickness. For histological examinations, sections were stained with Ehrlich Haematoxylin and Eosin (Drury and Wallington, 1980) . Modified quantitative Ishak scoring system (Ishak et al., 1995) were used; scores of 1 to 3 were assigned to cases of minimal liver damage, scores of 4 to 8 to mild, scores of 9 to 12 to moderate and scores of 13 to 18 to severe cases. For the histochemical study, sections were stained with periodic acid-Schiff's method to demonstrate total carbohydrates (Hotchkiss, 1948) , with bromophenol blue method to demonstrate total proteins (Maize et al., 1953) . Many slides have been carefully examined for each animal (each group contained 6 animals and for each animal at least 3 slides from different areas of the organ were examined.
Biochemical and haematological studies
The blood was collected and allowed to clot for 30 min at 4 °C, and centrifuged at 3000g for 3 min. Sera were collected and stored at -20°C. Total cholesterol and triglyceride were measured in an autoanalyzer (Hitachi autoanalyzer, Hitachi Co., Tokyo) using special kits (DiaSys, Germany). Serum aspartate aminotransferase (AST), aniline aminotransferase (ALT) and glucose (Biosystems, Spain) levels were determined using commercial kits on a Shimadzu-UV 1230 model spectrophotometer. Some blood was collected into tubes with ethylene diamintetra acetic acid for the determination of some hematological parameters (total erythrocytes count, total 
Statistical analysis
Statistical analyses were performed using an unpaired Student's ttest.
RESULTS
Our results showed that hot red pepper induced a significant increase (P < 0.05) in body temperature after eating (Figure 1 ). Hepatic tissue was affected and became darker in color. Hepatic interlobular areas of all examined sections were rich in inflammatory cellular infiltration ( Figure 2B ), in comparison to the control rabbits ( Figure 2A ). The lobular inflammation is characterized by predominant infiltrations of lymphocytes, plasma cells, and histiocytes, which are localized in perivascular and parenchymal areas. Apoptotic bodies were rare. All these alterations are considered in the histological liver activity index according to Ishak, which can be categorized as 9 to 11 for the liver of the treated rabbits in comparison to 1 and 3 for non-treated controls (Table 1) . Hot red pepper treatment induced a hepatocytic vacuolation in most of the hepatocytes ( Figure 2B ). Sinusoids became moderately dilated containing more kupffer cells on its periphery.
Treated animals suffered impaired liver function. Both levels of ALT and AST enzymes were increased about 45%, when compared to the control rabbits (Table 2) . Serum blood levels of cholesterol and triglycerides in rabbits receiving diet containing 4 gm hot red pepper for 10 days were significantly reduced reaching 31.2 ± 8.2 Ishak et al. (1995) . Score: 1 -3, minimal; 4 -8, mild; 9 -12, moderate; 13 -18, severe. and 87.2 ± 7.3 mg/dl, respectively (Table 2 ). Hot red pepper was able to significantly decrease the level of serum blood glucose to 82.7 ± 6.4 mg/dl, compared to 94.3 ± 8.3 mg/dl, in control rabbits (Table 2) . Administration of hot red pepper has no significant effect on both of erythrocyte and leucocyte counts. In addition, the hemoglobin and hematocrite values were not significantly affected (Table 2) . Control liver sections stained with PAS method is shown in Figure (3A) . The second group administered hot red pepper had a slight decrease in glycogen in some hepatocytes. Glycogen appeared around the cell membrane ( Figure 3B ). Examination of liver sections from the control group, stained by bromophenol blue method, showed normal protein content ( Figure 4A ). Protein content was moderately decreased in the hepatocytes of rabbits inocuolated with hot red pepper ( Figure 4B ).
DISCUSSION
Here, we show that hot red pepper exhibits a thermogenic activity, evidenced as a significant increase in rabbit's body temperature after eating. This thermogenic activity was reported by Yoshioka et al. (2001 Yoshioka et al. ( , 2004 . Hot red pepper consumption causes a red face, increase in whole body temperature, and much sweating. This shows the increase in metabolic rate, which mean that capsaicin is a thermogenic substance, help to burn energy from food, especially food with high fat content. For this reason, most diet products contain red pepper as an ingredient (Kawada et al., 1988; Yoshioka et al., 2001) .
These results indicate that extensive consumption of hot red pepper reduce adiposity, a phenomenon which can be explained partly by the enhancing effects of capsaicin on energy and lipid metabolism via catecholamine secretion from the adrenal medulla (Watanabe et al., 1987a,b; Kawada et al., 1988) . Since an increase in sympathetic nervous system (SNS) activity affects food intake behaviour (Russek et al., 1987; Bray, 1991; Raben et al., 1996) , we hypothesized that the usage of red pepper (capsaicin) to the diet can decrease food intake and that this is associated with an increase in SNS activity. These facts were found in our results demonstrating the significant decrease in both of blood serum cholesterol and triglycerides after administration of hot red pepper for 10 days.
Results also showed a remarkable cellular infiltration in the hepatic tissue. This supports whose studies suggested that abundance of leucocytes, in general, and lymphocytes, in particular, are a prominent response of body tissues facing any injurious impacts. Leukocyte elevations and adherence to the vascular endothelium have been suggested by Miura et al. (1991) and McCafferty et al. (1995) to play an important role in the pathogenesis of drugs-associated injury. Zhang and Wang (1984) suggested that the cytoplasmic vacuolation is mainly a consequence of considerable disturbance in lipid inclusions and fat metabolism occurring during pathological changes. Also, vacuolar degeneration has been regarded by Durham et al. (1990) to be an alteration produced to collect the injurious substances in the cells. In this study, the vacuolation of the cytoplasm of the liver cells appeared at first in the heaptocytes of the peripheral zone of the hepatic lobules, extending gradually toward the center. This may be due to the direction of the lobular blood sup-ply. Vacuolation and damage of liver cells were noted by other investigators following treatment with different agents (Yabe, 2000; Samaranayake et al., 2000) .
The induced hepatocellular damage was demonstrated by the increased activities of ALS and AST after hot red pepper administration. Decrease in blood serum glucose due to red pepper administration or due to its active compound capsicum was reported by Monsereenusorn (1983) and Chaiyasit et al. (2009) . The metabolic disorder in the rabbit's heatic tissue leads to a disturbance in both of carbohydrate and protein contents in liver as demonstrated histochemically.
These scientific evidences show that hot red pepper under study possesses some chemical and pharmacological properties similar to the classes of drugs that are capable) of inducing liver damage and thus, explains its capability to affect the histological changes observed. Therefore, based on the findings of this study, the excessive consumption of red pepper is capable of inducing liver damage and so should be avoided.
